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A flash evaporator heat rejection system representative of that 
proposed for the Space Shuttle Orbiter undeirwent extensive system testing 
at the MSA Johnson Space Center (JSC) to determine its operational suita- 
bility and to establish system performance/operational characteristics for 
use in the Shuttle system. Over U6 hours of system testing were conducted at 
NASA/JSC Chamber A during the period of 22 April thru 3 May 1975 to obtain 
the desired data. The efforts of the Vought Corporation in test article 
fabrication and in real time test support ere rei>orted herein. This effort 
vas conducted under HASA contract NAS9-1053^. 

The flash evaporator system test cuticles consisted of the 
prototype 2 and 3 units fabricated under contract KAS9-13506 and an exhaust 
duct system designed to simulate the Shuttle configuration. The proto- 
type 2 and 3 units vere representative of the design, construction and 
operation of the proposed Shuttle baseline flash evaporator systen. The 
evaporators and eidiaust ducts were configured to simulate both the top-off 
and re-entry Shuttle system operational conditions. 

The test was conducted in three sequences dviring the two weeks 
of testing: sequence 1 obtained parametric perfozmcuice/operation data for the 
evaporators in the top-off configuration; sequence 2 primarily obtained 
pcurametric duct performance data (top-off configuration); and sequence 3 
tested the evaporators in the re-entry configuration with varying system 
parameters . 

During the tests the evaporator system demonstrated its suita- 
bility to meet the Shuttle requirements by: a) efficient operation with 90 
to 95% water evaporation efficiency (greater efficiency is expected for 
identified flight design changes); b) control of outlet tenq>erature to 
Uo® + 2®P for partial heat load operation; c) stability of control system 
for rapid changes in Freon inlet temperatures; d) repeated dormant-to-actlve 
device operation without any startup procedures. The only test article 
operation anonoly vas a loss of cooling due to ice buildup in the evaporators 
from an unheated instrumentation port during test sequence 1. This was 
corrected, and no further anomolous operation was experienced. 

Considerable evaporator system performance data vere obtained 
for the vide range of variables shown in Table 1-1. Of importance , the test 
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TABLE 1-1 

RANGE OF VARIABLES TESTED 
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data showed that the perfonnance was a strbng function of feedwater 
temperature with decreasing perfonnance obtained for increasing feedwater 
temperatures. This is due to high water vai>or pressures (as temperatui'e 
increases) causing disintegration of the spray into a fine mist which in 
turn is carried into the exhaust duct. (A planned anticarryover device in 
a night design will minimize this carryover). Additionally, the test re- 
sults demonstrated the lack of dependence of performance due to significant 
variation in Freon flowrate. Freon temperature, duct temperatijre, and 
feedwater pressure. 

The design margin of the flash evaporator units was also dem- 
onstarted by the capability to maintain outlet tanperature control at 
much higher operating pressiares than the 3.8 mmHg design conditions. 

The top-off evaporator configiiraticn operated at 5*2 mmHg while maintaining 
control, and the re-entry evaporators operated with pressures up to 10 mmHg. 
These results will provide future design data for system design optimization. 

Duct performance data was obtained for a wide variety of transient 
and steady state water vapor flow rates 8uid for a number of water carryover 
conditions. The basic top-off duct /nozzle designed and analyzed by NASA re- 
sulted in operating pressiires considerably below the desired design conditions 
(3.0 mmHg versus 3»8 mmHg). Further duct/nozzle analysis/design refinement 
is recommended. Performance conditions with ice formation in the vapor flow 
and ice formation on duct walls were obtained. Analyses and explanation of 
these data along with exhaust nozzle performance were not part of this effort 
but the subject of separate NASA activity. 

Improvements in instrumentation accuracy and problems in the ACE's* 
data aquisition system were identified during the test. The accuracy of 
Freon temperature and flow measurements resulted in performance inaccuracies 
of 5 to 7 % for test sequences 1 and 2, and of 2 to 3 % for test sequence 3. 
Future testing should concentrate on instmmentation accuracy in order to 
get hi^er accuracy in performance data. 

Detailed discussion of the test articles, instrumentation, and 
test results are contained in the Sections that follow. 


*ACE - Automatic Checkout Equipment 
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2.0 


INTPODUCTION/BACKGROUHD 


2.1 System Definition 

The active thermal control system for the Shuttle includes a 
flash evaporator expendable heat sink system to provide primary heat rejec- 
tion during ascent /re-entry flight phases above 100,000 ft., and to augment 
the radiator system during orbital operation. The water expendable used 
on the Shuttle is launched in supply tanks for the ascent/re-entry flight 
phases, and is generated for orbital operation by the fuel cell system. 

The location of the flash evaporator system in the Shuttle is shown in 
Figure 2-1. 

The proposed Shuttle configtiration consists of a total of four 
flash evaporator units - two in each of the Freon coolant loops. As shown 
schematically in Figure 2-2, each of the two Orbiter Freon loops has an on-orbit, 
low load (top-off) evaporator, and a high load (ascent/re-entry) evapora- 
tor which is used in conjunction with the top-off evaporator to provide 
cooling during ascent and re-isntry flight phases. The top-off evaporators 
are sized to cool the Freon flow frcm 60° to lt0®F, while the ascent /re-entry 
evaporators cool the Freon from a maximum of 132°F to 60®P. 'Thus, the two 
types of flight evaporators have different heat load requirements, as well 
as different control temperatures. 

Two duct systems are required to eadianst water from the flash 
evaporator system into the space environment as shown in Figure 2-3. The 
on-orbit duct system (top-off duct system) consists of a duct configuration 
with two non-propulsive exits on opposing sides of the Orbiter vehicle to 
minimize the resulting thrust created by the water vapor leaving the Shuttle. 

A supersonic nozzle is located at each exit of the top-off duct to maintain 
the flash evaporator chamber pressure at a satisfactory level and to minimize 
contamination of the payload bay. The second duct system (the ascent/re-entry 
duct system) is used to exhaust the larger quantities of water from the 
high temperature units during Shuttle ascent and re-entry, and contains only 
one exit since a reduction of evaporator thrust is not required for this 
mission phase. 
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FIGURE 2-1 SHUTTLE FLASH EVAPORATOR INSTALLATION 
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FIGURE 2-2 SHUTTLE BASELINE PLASH EVAPORATOR SYSTEM SCHEMATIC 
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The planned tests for the flash evaporator system incorporated 
instrumentation to assess the flash evaporator system and its associated 
duct /nozzle performance, and to determine the extent of contamination of the 
supersonic nozzle pliane on Shuttle payloads located in the payload hay. 

2.2 Prior Systems Testing 

Simulated Shuttle active thermal control system testing was < 

conducted at NASA/JSC during the summer of 1973 using a modified Prototype I 
Flash Evaporator as an expendable cooling device. The system tested included 
8 modular radiators, simulated fuel cell water siipply, water storage tsuik, 
and a flash evaporator expendable cooling device. The modified flash 
evaporator was to demonstrate feasibility of the device application to 
"top-off" the radiator system during adverse orbita" 'conditions and to dump 
excess fuel cell water produced during the mission. (The excess water lumped 
on command from a water tank sensor which changed the mix temperature of 
the radiators). 

The lit. 6 kW (50,000 BTU/hr) Prototype I evaporator was modified 
during the program to provide k .69 kW (l6,000 BTU/hr) of radiator top-off 
cooling. Additionally, Ihe evaporator was outfitted with a 75 nnn (3-in.) 
diameter by 1.83 m (6-ft.) long duct with two lt5° lends to simulate Shuttle 
installation. Transport fluid lines were attached to the duct to prevent 
ice from depositing on the exhaust duct walls. Supersonic, pltig, and sonic 
vapor exhaust nozzles were mated to the end of the duct to evaluate water 
vapor plume back-scattering on Shuttle surfaces. 

The testing consisted of limit-case performance profiles and 
typical mission heat loads and environment conditions. The testing demon- 
strated: (1) outlet temperatiure control with a set point of 278. 6®K (U2®P) 
with a temperature range of 2j6° to 280®K (37° to ltl°F); (2) efficient 
operation with lOC^ evaporation efficiency for evaporator and exhaust duct 
combination; (']) stability of the evaporator control system for rapid tran- 
sient changes in inlet temperature due to radiator mix temperatxare change; 

(1) repeated dormant-to-actlve device operation on command of the outlet 
temperature sensor; and (5) the evaporator performance is insensitiva to the 
type of vapor exhaust nozzle utilized. The exhaust nozzle test data indicated 
that water vapor impingement could be reduced by a factor of 3 to 10 using 
a supersonic nozzle and by a factor of 25 to 100 for the plug nozzle over 
a sonic nozzle condition. The testing resialts are reported in detail in 

References 1, 2, 3 and 1+. 
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2.3 


Test Rationale /Approach 

The above testing verified the concept of the active thermal con- 
trol system utilizing a flash evaporator to ”top-off*' the space radiators. 

Based on these tests « the Shuttle baseline thermal control system was modi- 
fied to include a top-off evaporator to provide thermal control and to manage 
excess vater. NASA/JSC felt that additional flas' evap>orator system testing 
vas necessary to Incorporate actual ’.lardvare designs and realistic vehicle 
interface conditions. Specifically for the prior testing: (l) the flash 
evai>orator vas an early vound tube development configuration that vas modified 
to meet the test requirements rather than the light weight heat exchanger 
concept planned; (2) the exhaust duct system vas a system for a single nozzle 
rather than the non-propulslve duct/nozzles exharisting from the sj.de of the 
vehicle; and (3) the exhaust nozzle did not Include vehicle interfaces which 
significeuitly influence water vapor pltnne formation tind the resultant contamina- 
tion potential. With the actual hardware design/ interfaces incorporated, it 
was felt that these system tests would provide the technology base required 
to better aefinitize the Shuttle flash evaporator system, 

2.U Report Scope 

This report summarizes the Vought support activities and functions 
provided to RASA/ JSC during the test program under contract NAS9-1053*^. The 
report covers: flash evaporator and duct system fabrication, and flash 
evaporator system operation and analysis of its performance. NASA/ JSC per- 
sonnel were responsible for the duct /supersonic nozzle system design, 
analysis, and perfonnance/operation. These activities will be covered by a 
separate NASA/ JSC report. 

The effort reported herein was performed for the NASA/JSC Crew 
Systems Division \mder the technical direction of Mr. Keith Hudklns by the 
Vought Corporation (formerly the Vought Systems Division, LTV Aerospace 
Corporation). 
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3.0 


TEST OBJECTIVES 


The following subsections define the overall objectives and the 
desired end products from the testing. 
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3.1 On-Orbit System Performance Evaluation 

The Shuttle tpp-off flash evaporator system includes two flash 
evaporators and the top-off ducting system which esdiausts the water vapor 
from the Shuttle throti^ two supersonic nozzles. These systems were tested 
to meet the following test objectives. 

(a) Determine flash evaporator system performance characteristics 
in conjunction with supersonic nozzles and non-propulslve 
duct system. 

(b) Determine sensitivity and response of flaish evaporator/ 
duct /nozzle configuration to transient inlet conditions. 
Various flash evaporator inlet temperatures need to be 
simulated to determine control valve response. (The control 
valve system senses the F-21 outlet temperature and automa- 
tically regulates the supply of water to the flash evapora- 
tor to maintain a Freon outlet temperature of U0®P). 

(c) Evaluate the effect of feedwater temperature on flash 
evaporator system performance. (Shuttle vehicle requirements 
indicate a temperature range on the flash evaporator feed- 
water supply from U0®F to 150®F). 

(d) Evaluate flash evaporator /duct /nozzle configuration perfor- 
mance for Shuttle application. 

(e) Determine duct /nozzle heater requirements. (The baseline 
Shuttle duct has electrical heater systems which provide 2 
wstts per rvmning foot of duct. Electrical heaters with 
equal to and greater capability will be attached to the 
ducts euid nozzles to determine the required size of the 
heaters on the Shuttle design). 
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t. Determine nozzle thrust characteristics. The tvo opposing 
supersonic nozzles manifolded ^>7 a duct system to both flash 
evaporators should have minimum net thrust on the Qrhiter at 
the design flowrate. The net Y-axis thri;ffit should he deter- 
mined during this test, along with the total thrust, to 
assess the actual reduction in thrust obtained from this 
thrust reduction system. 

3.2 Re-entry Systan Performance Evn.iX)ration 

During re-entzy, the proposed Shuttle flash evaporator system will 
be using two flash evaporator assemblies, each having two flash evaporators 
(1 on-orbit euad 1 re-entiy). The flash evaporators will be operated down to 
100,000 ft. elevation. The test objectives (a) through (d) for the top-off 
e'\^porator test are also applicable to the ascent /re-entry evaporator systen 
with the following addltioncQ. objectives: 

(a) Evaluate performance as a function of increased 
chamber pressure to determine effects of simulated 
re-entry on the system. 

(b) Evaluate the flash evaporator performance while 
operated for long durations under simulated ascent/ 
re-entry conditions. 

3.3 End Product Definition 

The desired results from the flash evaporator tes. ng are summarized 

as follows: 

(a) Flash evaporator system heat rejectian capabilities for 
on-orbit and re-entzy conditions as a function of (l) 
feed-water inlet temperatures, (2) F-21 inlet temperatures, 

(3) evaporator operating pressures, and {k) duct tem- 
peratures . 

(b) Control valve response as a fiaiction of F-21 inlet 
temperatiare. 

(c) Re-entry and top-off duct pressures as a function of 
water flowrates and duct temperatures. 

(d) Duct and nozzle heater power as a function of water 
flow rates and feedwater inlet temperatures. 

(e) Nozzle thrust at maximum and minimum water flowrates. 
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DESCRIFTION OP TEST ARTICLES AHD nSTRlMEHTATIOir 


The ohjeetive of the test as discussed In the foregoing vas to 
assess the flash evaporator spstem perfonaance using realistic (or Shuttle 
representative) hardware/ vehicle designs and interfaces. Table U-1 is an 
assessment of the Shuttle "flight represratatlveness" of the flash evaporator 
system test article and configuration. 

A detailed deseriptlon of the acttial test articles, instrumenta- 
tion, and atitosatic data calctilations used for the testing is contained 
below. 

U.l Evaporator 

The test articles were the flash evaporators designated as 
Prototype 2 and Prototype 3 were fabricated by Vought imd^ contract 
NAS9-13506. They cure described in detail in References 5 and 6. The Proto 2, 
hollow-cone spr^ evaporator vas modified with a solid bottom for this test 
so that it vas identiced to the Prototype 3 evaporator. The following 
description applies to the operation and construction of both evaporators. 

The prototype flash evaporator is shown schematically in Figure 
U-1. Evai>orant enters the metering solenoid valve emd flows through an 
atomizing spray nozzle. The spray is dispersed into liquid droplets which 
impinge cmd spread onto the heat transfer surface. The drc^lets flash into 
vapor by absorbing waste heat from the Freon transport fluid circulating 
within the surface. The vapor then leaves the device through an exhaust 
duct system. 

Control is provided by regulating the amotint of evaporant spray 
impinging on the heat transfer siurface. Ihe evaporant metering solenoid 
valve, which cdlows full flow or no flow, is operated from a transport 
fluid outlet temperattire sensor. Low capacity is achieved by short flow 
times and long no-flow periods, etc. Full capacity results idien the evaporcmt 
flows continuously. The total cycle time for an on/off cycle is approximately 
six seconds. 

The evaporant solenoid metering valves are constructed from 
stainless steel and use 28 vde signal for operation. Primary and redundant 
valves will be Included for the flight units, but were not available for 
prototype testing reported herein. 

The spray nozzle produces a hollow cone spray pattern with water 
droplet diameters of $0 to 300 micro meters. The internal flash evaporator 
spray nozzles are constructed using brass and stainless steel pieces. 

12 



TABLE ll-l 

"REPRESEHTATIVEICESS" EVALUATION 
FLASH E7AP0RAT0B TEST CONFIGUBATION 


/ 

EVAPOBATOR PERFORHAHCE/OPERATIOH 

r, Heat transfer performance/capability; representatiTre 
. Control system operation/ evaporator thermal response: representatlTe 
.. Pressure drop: not representatlTe hecaose of higher flovrate and manifolds 
Environment (thermal, pressure): representative 

S;ST HM CONFIGURATION 


i. "Top-off” configuration: representative 
Water dump: representative 
. Ascent/R e-entry: representative 


EVAP RATOR CONFIGURATION 

1. Hx surface construction: representative 

2. Hx surface fabrication process: not representative (due to brazing process) 

3. Hx configuration (dia. , height): not representative since designed for different 

loads, flowrates 

U. Fluid manifolding: not representative since they were designed to accomnodate 
a variety of configurations, heat loads, etc. 

5. Valve: not representative 

6. Valve/nozzle mounting plate: not representative for same reason as #4 
Backcone configuration: not representative for same reason as 0k 

8. Structural elements/mounting provisions: not representative since they have not 
been designed 

9- Exhaust transition piece: representative 

10. EVaporat r-to-duct transition: not representative since design not initiated 

(can be modified later) 

11. Packaging: not representative since design is not coinplete 
DUCT CONFIGURATION 

1. No reaction duct {3 •5")’- representative 

2. As cent /re-entry duct (5”)j representative 


« 

H3i - Heat Exchanger 
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FUmE 4-1 FLASH EVAPORATOR CONFIGURATION SCHEMATIC 


The flash evaporator is constructed of a single layer of heat exchanger 
core shaped as a rig^it-circular cylinder 15” in diameter and 9” long with one 
end closed-out with a flat disc (Figure h-2). Sheet metal extends the open 
end of the cylinder 2.75" and is flanged outward to facilitate attachment 
of various evaporator heushcones. The sheet meted extension is welded to a 
0.5" diameter ring manifold which has six discrete outlet tubes. The manifold 
outlet tubes connect to six discrete, equed-length tube circuits (Figure V-3) 
which are welded to the backcone. These circuits provide spray nozzle and 
backcone heating before being manifolded to a single outlet tube which wraps 
around the exhaust port. The exhaust port is a k.75" I.D. pipe 6” long welded 
to the 0.25” thick backcone plate. A half inch radius was machined on the 
inside of the 4.75” I.D. pipe to provide a smooth entrance into the exhaust port 
from the evaporator cavity. 
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FIGURE 4-2 EVAPORATOR TEST ARTICLE CONSTRUCTION 
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The sheet metal extension Is heated by a wrap-around tube which 
has the full Freon flow through it . When the evaporator was connected to the 
3.5" O.D. duct, the Freon flow entered the wrap-around tube and was pltjmbed 
to the bottom manifold where it entered the heat exchanger core. Freon flowed 
radially from the botton manifold, up the cylindrical sidewalls, out the ring 
manifold into the backcone heating circuits. The backcone heating circuit 
flows are mixed aind the full Freon flow exists through an exhaust port heat- 
ing tube. The Freon plumbing for the evaporator on the 3.5" diameter duct 
was Identical to that of the evaporator on the 5" O.D. duct; however, the 
direction of the flow was reversed. In the latter, the Freon 21 entered the 

exhaust port heating tube and exited at the wrap-around tube. 

1».2 Exhaust Duct 

The purpose of the ducting system is to vent steam generated by 
the flash evaporator overboard from the Shuttle. Rockwell International 
specified the routing of the duct in drawing nmber VL7O-OO5189 (shown pre- 
viovisly in Figure 2-3). NASA/ JSC analyzed the ducting system and Vought fabri- 
cated the duct system for the test. Certain deviations in the Rockwell baseline 

were made by NASA to keep costs down and maintain the delivery schedule. The 

duct wall thickness was 1/U inch for both the 5" O.D. re-entry and 3*5" O.D. 
top-off ducts. Rockwell specified a 10.5" bend radixis for the 3.5" O.D. duct 
and a 15" bend radius for the 5" O.D. duct. These bend radii were increased 
to 12" and 2U" respectively since the original bend radii required special 
tooling adversely impacting cost and delivery schedules. 

Although the bend radii were not maintained, the number of degrees 
of turning iu the bends, the total number of bends, and total duct length of 
the Rockwell baseline duct were duplicated in the construction of the duct 
test article. Figure U-U shows the electrical resistsuice heater wrappe-’ on the 
two duct test articles. The re-entry duct (5" O.D.) had three separately con- 
trolled heater power zones. The heater wraps were spaced closer together near 
the evaporator duct outlet to ensure evaporation of liquid carryover. The top- 
off duct (3. 5" O.D.) had fotu* separately controlled heater power zones with 
the heater wraps spaced closer together near the evaporator. To prevent heat 
soak-back across the duct /evaporator flange, a 1/32" thick Teflon gasket was 
installed at the flange interface. The duct siq>ported the evaporator throxxgh 
the flange Interface. NASA/JSC designed and manufactured the supersonic nozzles 
used in the top-off duct. The nozzle cross section is shown in Figure l»-5. 
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Instrumentation and Test Data Calculations 


1».3 

The flash evaporator Freon flow system and feedwater supply 
system Instrumentation •used during testing are sho'wn schematically in 
Figure 4-6 along with the test instrumentation designation number. 

Each evaporator had redundant fluid temperattire measurements in 
the inlet and outlet Freon lines and a Freon pressure drop across the evapora- 
tor. Evaporant feedwater temperatxire euad pressure were measured at the inlet 
to the solenoid val-ve/spray nozzle. The e"vaporator backcone had a pressure 
port to vhich a baratron pressure gauge recorded the low (O-IO torr) evapora- 
tion pressaares. 

The top-off and re-entry duct temperature €tnd pressure instrximenta- 
tion with corresponding measiarement numbers are shown schematically in Figures 
4-7 through 4-10. 

The re-entry duct had ten thermocouples and five pressure taps. 

The thermocouples were installed approximately equal distance along the duct 
with five thermocouples associated with the pressure taps. Thirteen thermo- 
couples and seven pressure taps were on the top-off duct •with one thermo- 
couple associated with each tap and the remaining thermocouple installed so 
that all thermocouples were approximately equal distance. 

Appendix A contains a description of all temperature, flow, pressure, 
and weight measurements made during the flas evaporator testing including 
the measurement identification number, range of data for ■vdiich the calibration 
was made, and the accTuracy desired by NASA/ JSC. The data for Appendix A 
was obtained from the NASA Test Plan, Reference 7. 'The Freon temperature 
measurement accuracy requested in this NASA test plan, however, was not that 
recommended by Vought in Reference 8 to obtain accurate performance measure- 
ment. This will be discussed further in Section 5-) 

In addition to recording of instrumentation meas\irements, 'Veal 
time" calculations were made by the NASA/JSC data system to provide real time 
assessment of heat rejection, performance efficiency, evaporant usage, etc. 
for each evaporator and the system as a whole. A description of the detailed 
calculations made during the test along •with the associated instrimientation 
measurements used therein are documented in Appendix B as obtained from the 
NASA/ JSC test plan of Reference 7. 
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FIGURE 4-6 FLASH EVAPORATOR 1 SYSTEM INSTRUMENTATION SCHEMATIC 



FIGURE U-7 

TOP O FF DUCT HE ATER AND TH:pMOCOUPLE. LOCATIONS 
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FIGURE 4^ 

TOP OFF DUCT PR’BSURE MEASUREMENTS (ON OREIT MODE) 
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FIGURE k-9 

RE-ENTRY DUCT HEATER AND THERMOCOUPLE LOCATIONS 
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FIGURE U -10 

HI(Ri LOAD RE«ERTRY MODE PRESSURE NEASURSIEKTS 
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5.0 


TEST RESULTS, SEQUENCE 1 


Test Sequence 1 of the flcish evaporator system test was rxzn 
at NASA/ JSC Chamber A from 22 April through 25 April 1975. The evaporators 
were tested in the Shuttle top-off configuration for orbital operation 
simulation with both evaporators mounted to the non-propulsive duct as 
shown schemetically in Fig\ire 5-1* The objectives of this test sequence 
are described in Section 3.1 Table 5-1 summarizes the specific test points 
run and which objective was being addressed duri^ the test 'point. A 
discussion of the test events and the results obtained are reported below. 

5.1 Duct/Nozzle Design Adequacy 

Test point 1 was run with the evaporators at maximum heat re- 
jection conditions to establish the heater power req\iired to maintain the 
duct above freezing, and to determine the adequacy of the supersonic nozzle 
design by its effect on evaporator chamber pressure. The flash evaporator 
was designed to operate at a chamber pressure of 3.8 mmHg which results in 
a saturation temperature of 28®F. It is at these conditions that optim\mi 
performance is obtained. The combination of duct /supersonic nozzle designed 
by NASA resulted in the two e\^aporators operating at long duration steady 
state at 3.0 and 2.88 mmHg respectively (with a corresponding chamber satura- 
tion temperature of 23®F). Although the evaporator appeared to operate 
satisfactorily at these conditions through most of the test, it can be con- 
cluded that the combination of duct analysis and supersonic nozzle design 
conducted by NASA needs to be further refined to assure future system opera- 
tion at the proper design cheimber pressmre. 

5.2 Instrumentation Performance Adequacy 

Several instrumentation problems and inadequacies surfaced early 
in this test sequence. These included evaporant flow, chamber pressure. 

Freon temperature measurement, and ACE's "drift”. 

Dtiring test point 1, feedwater flow meter measurement inconsis- 
tancies appeared. The individual evaporator feedwater flow meter readings 
where checked against the total flow measurement during etnd after the test 
point showed up to 20J^ variation in indicated flow. The check was made by 
msniially turning off one evaporator and comparing the flow meter reading 
for the other evaporator against the total flow reading. The results of 


^ , FIGURE 5-1 

^ I ^ sbbl top off flash evaporator system schematic 
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TABLE 5-1 

SUMMARY OP SEQUENCE 1 TEST POINTS 
(OH-ORBIT/TOP-OFP CONFIGURATION) 


PURPOSE 


Establish duct heater power to maintain duct teiqperature 
above freezing 

Determine evaporator performance at maximum and minimum 
Freon flowrates at various water evap >"ant tenqjeratures 
with the Freon inlet temperatures that yield the 15000 
BTU/hr /evaporator maximum heat rejection operation 

Determine evaporator performance for partial load with on- 
off water valve operation (less than 15000 BTU/hr/evapor- 
ator heat loads ) . 

Case of greatest water carryover into ducts. Duct heaters 
set to maintain duct temperature at SC'^P or greater. 

Repeat test point l8 with duct heaters set to maintain 
temperatures at 20®F or greater. 
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several coa^arlsons are presented In Table 3^2. 


TABLE 5-2 FLOW METER READING COMPARISON 


TIME 

DAY:HR:MIN 

TOTAL FLOW 
RATE (PPH) 
FW 508l 

EVAPORATOR 1 
FLOWRATE (PPH) 
FW 5082 

EVAPORATOR 2 
FLOWRATE (PPH) 
FW 5083 

112:19:38 

17.9 

OFF 

15.1 

112:21:10 

lU.3 

15.1 

OFF 

112:21:10 

17.0 

OFF 

lit. 8 


After test point 6, the three flov meters were again checked and the flow 
measurements were found to vary significantly from each other. The effect 
of these large variations in flowrate are large differences in performance 
(via enthalpy change calculations) oetween the evaporators which was up to 
20%. This large variation in performance had never been previously ex- 
perienced during evaporator development o? checkout testing. The accuracy 
of the absolute performance obtained in this test point make the data less 
than meaningful for acctirate performance evaluations. The flow meters were 
re-calibrated for test sequence 2 as discussed in Section 6. 

Freon inlet and outlet temperature measmrements (which were 
redundantly made) demonstrated large i'^accuracies between each other during 
this test sequence. Table 5-3 compares the differences in ACE readout of 
these redundant tenq)erature measurements which shotild have been identical. 
Although these temperatures were within the test plan (Reference 3) requested 
accuracy of + 1% of the 200®F range, this accuracy was not adequate to get 
the desired scientific performance data. A ^ 1/1»°F accuracy was recommended 
by Vought in Reference 8. The differences in measvired temperatxires affected 
the resulting accuracy of the performance calculation ZH 5271 from 5 to 1% 
for evaporator 1 at maximum heat load operation. Obviously as the difference 
between inlet and outlet temperature decrease for lowering heat load, the 
error in performance calculation will be much greater. Care should be taken 
in future evaporator testing to assure minimum temperatiire measurement error 
in order to obtain accurate performance measurements. 

Chamber pressure measurement problems also plagued this test 
sequence. The baratron chamber pressure measurement for evaporator 2 was 
lost after test point 1 at time 112:22:53 and did not appear to recover. This 
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TABLE 5-3 
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failxire appeared to be due to water freezing in a 6'* section of unheated 
line connecting the haratron gage to the evaporatoi installed hy Vou^t. 

A heater was Installed on this line for the following test se(iueii<je. 

The entire ACE*s data acq-ulsltlon system had significant j 
undefined problems during test points 12 through 17. During steady * nor- 
mal operation of the system, all the ACE's temperature measurements would 
suddenly show drops 2 to 3®P and then climb back to their original 'ralues 
in approximately 15 minutes. During the indicated sudden tenqperature 
drop and subsequent recovery, the flow bench temperature conditioning 
equipment indicated steady Freon flow and temperatures. The ACES"drift" 
will be shown lat«r on Figures 5-^ and 5-5. Althou^ not substantiated, 
it is believed that this problem causing ACES drift might have affected the 
absolute temperature readings. This will be discussed further in Section 5.5* 
5.3 Effects of Feedwater Temperature. Freon Flow, and Water 

Supply Pressure on Performance 

The effect of feedwater temperatxure. Freon flow and water 
supply pressure on evaporator performance was obtained from test points 1 
through 9» and 11a through lid, is shown on Pigtire 5-2 and tabulated 
on Table 5-^. The average combined evaporator performance, hfg, as obtained 
from DACS calculations ZH5281 Md ZH5273 is shown in the Figures. (The 
individml evaporator performances were not considered because of the fliaw 
instrumentation decrepcncies described earlier. ) 

As seen in the data, the performance decreases with increase in 
feedwater temperature as expected. The variation between the two performance 
calcvilations (ZH5261 and ZH5273) is approximately 5 %* and is due to the 
temperature and flow instrumentation and measurement accuracy. Instrumen- 
tation and system reduction improvements would decrease this error. 

At the low feedwater temperature, the evaporator performance 
results show from 5 to 10< water carryover into the duet system- At high 
feedwater tenqjerature, the performance results indicates from 10 to 1 ^% 
water carryover. This decrease in performance with increased temperatiire 
was expect eu due to order of magnitude higher droplet vapor pressure causing 
some disintegration of the droplet into a fine mist which inturn is 
carried by the gas exhausting from the evaporator into the exhaust duct. 
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TABLE 5-H 

EVAPORATOR PERFORMANCE, MAXIMUM HEAT LOAD CONDITIONS 
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The use of an elhow anticarryover device planned in the Representative 
Shuttle Evaporative Heat Sink flash evaporators would minimize this 
carryover significantly. 

The effect of Freon 21 flow rate on performance can be seen 
in Figure 5'2. As demonstrated in the figure, the performance does not 
appear to show any trend indicating the effects of feedwater temperature 
dominate variation in performance due to Freon flow rate. 

The effect of feedwater supply pressure on performance is 
shown in Figure 5-3. As seen in the figure, the performance data does not 
appear to show any correlatable trends indicating the effects of feedwater 
supply temperature dominate any performance variation due to supply pressure. 

5 ..^ D uct /Nozzle Exhaust Ice 

Ice flakes were first noticed at the nozzle exhaust during test 
point 9 when the video system was turned on. At this point, both evaporators 
were operating at maximum heat load (65®F Freon inlet), with 120” feedwater 
inlet temperatures, emd with duct temperatures of 80”F to 120®F. At these 
test conditions, the flash evaporator system ve,e operating with the greatest 
carryover (around 10^). Ice could have, however, exhausted from the nozzles 
prior to this time. Therefore it was decided to repeat test point 9 (as test 
point 11a) to ascertain the ice exhaust repeatability. 

Ice again was seen in test point lla exhausting the nozzle at 
intervals of approximately 1-1/2 minutes. Test points lib and 11c were defined 
with the operating condif sns of teti; point 9 tut with one evaporator (evapora- 
tor #1 for test point lib and no. 2 for test point 11c) operating. No ice 
was observed for these conditions. Test point lid was defined as a repetition 
of test point 2 to determine whether ice would form at low feedwater inlet 
temperatiires (1;5®F). For this condition, the water carryover was approximately 
5^. No ice was seen at this condition. Test points lla through lid were 
reruns of previoxisly run test points and demonstrated the repeatability of 
the data as can be ascertai,ied within the accuracies of the instrumentation. 
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It could be surmised that at conditions of maximum water carry- 
over, that some of t,he water droplets that do not impinge on the wall could 
form ice in the vapor stream due to low and lowering duct pressvires, and these 
ice "flakes” are carried out the nozzles without impinging on the hot duct 
walls. There is not sufficient data, howe'er, to verify this thesis. 

Further explanation might be obtained from the MSA duct test analysis. 

5*5 Partial Load Operatio n 

Test points 10 through 17 were rxm to determine the flash evaporator 
performance and operating characteristics at partial heat loads (less than 
15000 BTU/hr/evaporator) . At these partisil heat load conditions, the evapora- 
tors must control the Freon outlet temperature to the 1*0® + 2®F temperature 
range . 

The performance data for partial load operation are svmimarized in 
Table 5-5* The performance, change in evaporant enthalpy , hfg, is shown to 
be significantly less than that obtained at maximum heat load although this 
had never been observed during previous development or checkout testing. 

This low performance is due to the method of DAGS calculation and ACE data 
acquisition. The ACE's system samples data at a frequency of one hertz. If 
the eTOporator is "on" at the time of data sanple, then it is assumed "on" 
during the entire sample time and the sample time is added to the event time. 
This event time is then used to calcxilate performance. Since the evaporator 
has a total cycle (on + off time) of six seconds at partial loads, significant 
error in the evert time may be obtained by the "rounding off" techniques that 
evolve from the ACE's system. It is concluded that the performance data 
obtained from DAC's EUid presented in Table 5-5 is not accurate for the afore- 
mentioned reasons. 

The capability to control to the 1*0® + 2°F is demonstrated in 
Figures 5-1* through 5-6. Temperature data for test points 10 and 11, shown 
in Figure 5-1*, show that the evaporator was controlled, in general to + 1®F 
iVom the 1*0®F set point even under the severe inlet temperatTxre ramps going 
into test point 10. This demonstrated the capability and stability of the 
on/off control approach to meet the severe temperatiire control requirements 
of the Shuttle. 

Figures 5-5 and 5-6 show the partial load operation control for 
test points 12 to 17. As can be seen in the Figvtres, the outlet temperature 
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TABLE 5-5 

PARTIAL HEAT LOAD OPERATION PERFORMANCE 
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varied from 38® to UU®F during this testing portion, and that the control 
set point appeared to he U2®F rather them UO®F. It must he noted, however, 
that subsequent to test ixsint 12, the ACE's data system suddenly encountered 
a failure and resumed operation with some noise. Also, sudden drifts in 
ACE's output were noted six times in the test log during the remaining test 
points as discussed in Section 5*2. II must he concluded that either hoth 
flash evaporator set point electronics all of a sudden drifted to U2®F and 
steiyed there, or that the aCE's data system introduced a 2®F error in readings 
at approximately 113:20:00. The later is believed to have happened. In any 
event, the ability to control to a deadband of + 2®F with widely varying inlet 
temperatures was demonstrated. 

5.6 Loss of Evaporator Cooling 

After U-l/2 hours of operation at test point l8 steady state maxi- 
mum heat load conditions, evaporator 2 outlet temperature suddenly went from 
LU°F to 63®F and cooling was lost as seen in Figure 5-7 at lib: 10: 20. As seen 
in the figure, the evaporator was operating normally tuatil that time. Three 
hours later, during test point 19, at lib: 15: 50 the outlet temperat\ire for 
evaporator 1 also rose to 63®F with loss of cooling, as shown in Figure 5-8. 
Again, as with the evaporator 2 cooling loss, the \mit was operating normally 
until that time. 

Both test points were based on test point 9 (and test point 11a) 
evaporator operation conditions with the duct temperatures reduced by 35®F 
and 50®F respectively. As with test points 9 and 11a, ice pEmticles were 
emitted from the exhaust nozzle at irregular intervals. 

The following observations were mede about the events and equipment 
during operation at the time of test loss of cooling: l) performance (cooling) 
was lost in a matter of minutes; 2) both xinits operated normally \mtil time 
of cooling loss; 3) both the baratron gage (for unit 2) and the GN 2 line 
used for possible purging were apparently c?.ogged with ice particles, (the 
baratron gage loss is described in Section 5.2); b) flow bench temperature 
and flowrates were steady (euLthough ACE's readouts showed fluctuations); 

5) the duct temperatxires were above freezing; 6) and cooling was quickly 
restored in a matter of a few hours. 
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It was concluded from the above observations that ice built up 
over the spray nozzle from an unheated eurea of the backcone close to the 
noizle, possibly from the baratron or GN 2 ports. The loss of cooling was: 
not due to the duct; not due to the valve nozzle spray pattern variation 
since operation was steady; and not due to ai:y ice formation on the core heat 
transfer sxirface because partial decay of performance was not observed. 

Cooling was also lost during test point 19 on several occasions 
due to ice buildup in the dtict. In each instance of cooling loss, chamber 
pressure in the evaporator built up to 5 to 7 mmHg prior to temperature rise. 

In each instance, cooling was restored after heater power in the duct was 
raised and the ice was melted or evaporated. 

5.7 Effect of Duct Temperature on Performance 

The effect of duct temperature on evaporator performance was 
obtained from test points 9» 11a, I 8 and 19 and tabulated in Table 5-6 for 
the case of maximinn water vapor carryover. As seen in the table, the duct 
temperature had no effect on evaporator system perfonmnce within the accuracy 
of the instrmentation. The performance, however, is affected by ice formation 
and blockage of the duct system. The buildup of ice and duct performance for 
these test points will be covered by the NASA duct analysis effort. 


TABLE 5-6 EFFECT OF DUCT TiMPERATURE ON PERFORMANCE 



AVG Hfg,BTU/HR 

AVG DUCT 
TEMP 

TEST POINT 

ZH5273 ZH5281 

®F 


9 

821 

879 

96°F 

11a 

800 

905 

117°F 

18 

779 

869 

60®F 

19 

798 

- 

U5®F 

*Freon Flowrate 
Feedwater Temp 
Freon Inlet Temp 

2250 pph (nom. ) 
120®F (nom.) 
65°F (nom.) 
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6.0 TEST RESULTS, SEQUENCE 2 

Test sequence 2 of the flash evaporator systems test was run at 
NASA/ JSC Chamber A from 29 to 30 April 1975* The evaporators vere again tested 
in the Shuttle top-off configuration for orbital oi>eration simulation with both 
evaporators mounted to the non-propuls ive duct as shown schematically in 
Figure 5-1- The objectives of this test sequence are described in Section 3.1- 
Table 6-1 summarizes the specific test points run and which objective is 
addressed during the test point. A discussion of the test restilts obtained 
are reported below. 

TABLE 6-1 SEQUENCE 2 TEST POINT SUMMARY 


TEST POINT 
20 thru 28 
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PURPOSE 

Determine evaporator performance for maximum 
and minimm Freon flowrates, variation jfeed- 
water inlet t emperat tires , and variation in 
duct power (temperatures) for maximum heat 
load conditions (15000 BTU/hr /evaporator ) 

Re-entry profile (with evaporator 1 only) 


6.1 Test Setup Changes/Instrumentation Adequacy 

The following test setup changes were made before sequence 2 test- 
ing was initiated, a) The water flow meters were completely recalibrated and 
the ACE's data station was updated to provide better flow instrumentation and 
performance measurements data, b) The baratron and GNg lines to the evapora- 
tors were removed to prevent any possibility of frost formation on this unheated 
backcone section. 

The recalibration of the feedwater flow meters resulted in more 
accurate performance measurements for the two evaporators. The variation in 
performance between the two evaporators was less thsin 2?. This difference 
is consistent with previous development and checkout test results. 

No improvements were made in the temperature measurement method 
and accuracy between test sequences 1 and 2. The same comments regarding 
the accuracy made ir Section 5.2 are applicable for this test sequence. Dif- 
ferences between the same redundant measured temperatures will again affect 
the performance calculation from 5 to 7/^ for evaporator 1 at the maximum heat 


kk 



load condition. 

ACE's data aquisition system again demonstrated sudden drops 
of 2® to 3®P and then cliM) hack to their original values in approximately 
15 minutes. This "drift” did not affect the test results, hovever. 

6.2 Effects of Feedwater Temperature, Duct Temperature and Freon 

Flow on Perfomance 

Test points 20 through 28 were run to obtain the effects of 
feedwater temperatxire , duct temperature, and Freon flow on performance. The 
performance data are summarized on Table 6-2 and Figure 6-3 . Figure 6-1 
shows the individual evaporator performance, hfg, as obtained from DACS 
calctilations ZH5271 and ZH5272. The difference between the performemce of 
the two evaporators was a maximum of 2 % which reflects the improved instru- 
mentation as noted above. Also shown on the Figure is the average performance 
hfg obtained in test sequence 1 from DACS reading ZH5281 which matches the 
data from this sequence. 

At low feedwater temperatures, the results show approximately 
5? water carryover into the duct system. At high feedwater temperatures, 
the performance show approximately 10 % water carryover. This decrease in 
performance with increased temperature, as noted previously, was due to the 
v-'rder of magnitude higher water droplet vapor pressure causing the droplet 
to disintegrate into a fine mist which Intum is entrained by the vapor ex- 
hausting the evaporator. The use of a elbow anticarryover device planned 
for the Representative Shuttle Evaporative Heat Sink would have reduced this 
water carryover significantly. 

The effect of duct temperature on performance can be seen in 
Figure 6-2. As seen in the figure, the performance data does not appear to 
show any correlatable trend indicating the effects of feedwater temperature 
dominate and that free flowing duct conditions have no effect on performance. 

The effect of Freon 21 flowrate on performance is shown in 
Figure 6-3. As in test sequence 1, the performance is not -effected by Freon 
flow variation. 
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6.3 


Duct/Nozale Exhaust Ice 

Ice flakes vere observed at the nozzle exhavist during all 
test points 20 tlrrough 28. Unlike test sequence 1 which had ice flakes at 
high feedwater temperatures (120°F) only, the ice flakes for this test 
sequence were obtained for both low and high feedwater temperatures. The 
water droplets which are carried over into the duct could form the ice flakes 
due to the lowering of the vapor stream pressure and could be carried out the 
nozzles without impinging on the duct walls. Unlike test sequence 1, this 
condition is apparently not a function of feedwater temperature. Further 
explanation should be obtained from the NASA duct test analysis effort. 

6.h Re-entry Profile 

Cooling was also lost from evaporator 2 during test point 28 
and was apparently due to water freezing and blockage within the duct immediately 
downstream of the evaporator. When the evaporator was turned off manually, 
no change in the chamber pressure of evaporator 1 was noted leading to the 
aforementioned duct ice blockage conclusion. 

At the conclusion of test point 28, it was decided to run the 
re-entry profile for the top-off evaporator configuration with only one 
evaporator operating since considerable time wo\ild have been required to 
thaw the duct ice which blocked the evaporator 2 exhaust. 

Figure 6-4 shows the re-entry test profile data of evaporator 
Freon exit temperature, evaporator chamber pressure, and ambient pressure. 

As seen in the figure, effective cooling was lost (Tq^-j; > 43.4®F) when chamber 
and ambient pressures climbed above approximately 5.2 mmHg which is equivjdent 
to a saturation temperature of 35®F. 
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7.0 TEST RESULTS, SEQUENCE 3 

Test sequence 3 of the flash evaporator system test vas run at 
NASA/JSC Chamber A from 1 May to 2 May 1975- The evaporators were tested in 
the Shuttle high temperature configuration for re-entry sim *lation with both 
evaporators mounted to the 5^* diameter re-entry duct as shown schematically 
in Figure 7-1* The objectives of this sequence are described in Section 3.2. 
Table 7“1 summarizes the specific test points r\m and which objective was 
being addressed during the test point. A discussion of the test results 
obtained are reported below. 

7 . 1 Instrumentation P e rformance Adequacy 

The instrumentation and ACE’s data aquisition system performed 
adequately during this test sequence. However, the Freon inlet and outlet 
temperature measurements (which are redundantly made) demonstrated the same 
Inaccuracies between each other as described for sequences 1 and 2 (in 
Sections 5*2 and 6.1). These inaccuracies in temperature readings do pro- 
duce less error in heat load and performance calculations due to the large 
difference between inlet and outlet temperatures. This error is from 2 to 
^ 3% for evaporator 1 in the re-entry configuration compared to the 5 to 7% 

error for the top-off configuration. Again, it is recommended that t \is 
temperature error be corrected in future testing to assure accxuate per- 
formance measurements. 

7.2 Abort /Re-entry Performance Simulation 

The evaporators were run individually in tes . points k2 through 
k6 to simulate the high temperature unit under abort conditions. The data, 
siommarized on Table 7-2 and in Figiire 7-2, shows that there is less than 
5^ water carryover into the exhaust duct for all feedwater temperatures run. 

The performance does d#=^crease slightly for increasing feedwater temperature 
as seen in the figure although not as severely as for the top-off configuration. 

The 5’* diameter duct configuration resulted in evaporator chamber 
pressures of approximately 3.5 to h.O mmHg. These pressures are nearly 
identical to the chamber pressiore design conditions. Operation with both 
evaporators on simultaneously will therefore result in chamber pressures 
greater tln.n the design condition. 

i 
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FIGURE 7-1 HIGH LOAD FLASH E\»PORATOR SYSTEM SCHEMATIC 




TABLE 7-1 


SUMMARY OF SEQUENCE 3 TEST POINTS 
(RE-ENTRY/HIGH TB1PERATURE CONFIGURATION) 


TEST POINT 
k2 thru 


1»5 ihru U6 


>47 


50 thru 5>4 


55 

56 

57 

58 

59 

60 


PURPOSE 

Evaporator No. 2 flow operating (Evaporator No. 1 flow 
turned off) to determine evaporator performance at hack 
pressures for only one-half the flow. Determine heater 
power to maintain dxict temperature above freezing. 

Reverse of test points UP-ltU. Turn Evaporator No. 1 
operating suid Evaporator No. 2 flow off to determine 
performance for one-h«Q.f the total system flow. 

Both evaporators operating to determine evaporator and 
duct performsince for continuous water flow ("full on") 
conditions required to raject 50,000 BTU/hr. 

Both evaporators operating to determine performance and 
to watch for duct freeze-vip at veurious Freon inlet tem- 
peratures . 

Determine performance at 66f of test point 5>4 duct- 
heater power. 

Determine performance at 30% of test point 5>4 duct 
heater power. 

Determine performance during the re-entry profile to 
11 mmHg. 

Determine performeince at 5 mmHg re-entry pressTire hold. 

Duct freeze-up determination with duct heaters at U and 
2 watt 8 /ft at vacuum ambient 

Duct freeze-up determination with duct heaters txjrned 
off at vacuum ambient. 
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RE-ENTRY SIMULATION PERFORMANCE 
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7.3 


Nominal Re-entry Performance Slaulatlon 

Both evaporators vere operating during test points U7 through 
^3 to obtain performance data for various Freon inlet tep^ratures for 
ncminal re-entry conditions. The data, sunnarized on Table 7-2 and 
Figure 7-3 » shov that perfomance is in^roved slightly for higher Freon 
tenperatxires with the carryover going frcan at a 136^F inlet temperature 
to at l60**F. (Some data shov less than 0| carryover or greater than 
lOOjt efficiency. The data accuracy of 2 to 3)K affects these perfomance 
calculations and thus there is probably no carryover.) 

With both evaporators operating, the chamber pressiure for both 
evaporators is 6.2 imnHg. This corresponds to a chamber saturation temperatxire 
of U2®F vhich is approximately 15“F over the design condition. Efficient 
operation at this hifdisr chamber pressure indicates that the units are not 
restricted to a narrov operating band. 

7.U Duct Icing Testing 

Test points 5^ through 6o were run to determine ice buildup rates 
in the exhaust duct for decreasing amounts of duct heater power. Evaporator 
operating conditions for these test points resulted in the greatest amount of 
spray carryover into the ducts. The duct performance and ice buildup analyses 
are the subject of a separate NASA effort. 

Ice formation and buildup at the exhaust duct exit was first 
visually observed at test point 56. Ice is believed to have started blocking 
the duct at the beginning of test point 5^*» however, since the evaporator 
chamber pressures started out at 6.5 mmHg and increased gradually to the 
final value of 7.^ mmHg at the end of the test point. The chamber press-ox'e 
increased throughout each succeeding test point to nearly 9 mmHg. 

The evaporator continued to operate efficiently during edl the 
duct "ice buildup” test points. The evaporator performance varied less than 
3X for these test points with variation of chamber pressure from 6.2 to 
9.1 mmHg euad do not shov any correlatable trends. It can be concluded that 
the evaporators have adequate design margin to operate over a wide range of 
chamber pressures. It has previously been concluded that the higher design 
chamber pressures enre more desirable from an operational standpoint in that 
there is less likelihood of spray freezing and rebound from the heat trans- 



port surface (Reference 5)- 

Re-entry Ambient Pressure Simulation 
The effects of ambient pressure variation simulating re-entry 
conditions were run in test point 57* The re-entry test profile data are 
shown in Figure 7-^* As seen in the figure, effective cooling was lost at 
an ambient pressure of 10 mmHg. This pressure corresponds to a chamber 
saturation temperatiire of approximately 52°F which is 2h° higher than the 
design condition. This indicates that there is considerable design margin 
built into the hardware which was not suiticipated prior to testing. 
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APPENDIX A 


FLASH EVAPORATOR SYSTEM 


TEST INSTRUMENTATION DESCRIPTION 


OHRS CHAMBER A TEST 
IRSTRUMEarEATIOK 


(SKKIP DESCRIPTION F-21 Tengwratiure 


MEASUREMBIT NO. 1 

DESCRIPTION 

RANGE 

‘ 

ACCURACi 

I/TV 

NASA 1 

* T/C AIOOOl 

TF5501* 

■•rimary Flow Control Valve Inlet i 

-50 to 200°P 

+ lii of.- 





ra 

iger 

T/C AI0002 

■ 02 I 

Primary Flow Control Valve Flowmeter 

II 


1 

T/C AI0003 

03 ] 

Primary Rad. Panel Total Flow Plow- 

II 




• 

neter OutI.et 




T/C AI0004 

04 

Primary Rad. Panel ToteJ. Plow Tenqp. 

II 





Controller Outlet 




t/c A 10005 

05 

Secondary Plow Control Valve Flow- 

II 


L 

‘ 


neter Outlet .. 




* t/c AIOOO 6 

1 — — 

Secondary Flow Control Valve Inlet 1 

It 


- 

t/c AI 0007 

.07 

Secondary Rad. Panel Total Flow- 

II 


- 

\ 

‘ 

Flowmeter Outlet 



' 1 7 

08 

08 

Secondary Rad. Panel Total Flqw 

II 



t ' * 

f 


Demp.Oontrol Outlet 




09 ' •• 

09 

Primary Main Flowmeter Outlet; ‘ 

-200 to 15 Q°F 



10 

10 

II II ir- II 

II 



11 

11 

Primary Prime Flowmeter Outlet 

It 



; 12 

.12- ■ 

Primary Main Outlet^ Rad. Panel ^ , 


e • 


13 

.’•13‘. 

Priinaiy Main Outlet, Rad. Panel #2, 

II . . ♦ 


- 

14 

.14 

‘rlmary Prime .Outlet, Raid. Panel if2 

II 

, * * 


15 

. 15 

tf tt M II It It 

tt 


• 

16 

16 

Primary Prime Inlet, Rad. Peuiel #2 

•It ; 

• 


17 

17 

Primary Prime Inlet, Rad. Panel #2 

It • 

• 

• 


18 

10 

Primary Main Inlet, Rad. Panel 

II 

• 

. 

19 

19 

t| II It II II II 

It 



20 

20 

Primary Main Outlet, Rad. pemel 

II 



21 

21 

II If II II II It 

It 



1 
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#PRE0N PLOW BENCH MEASUREMENTS USED FOR THE FLASH EVAPORATOR TBST^ ALL OTHER MEASUREMENTS^ ‘ 
ON THIS PACE ARE USED FOR THE PLOWING RADIATOR TEST IN CHAMBER A. 







OHRS CHAMBER A TEST 
raSTRUMEHTATION 


REPRODUCIBILITY OF TH^ ’ ' 
ORIGINAL PAGE IS POOR 


MBASUREMEHT NO. 


GROUP DESCRIPTION F -21 Temperature 


RANGE 



LTV 

NASA 

DESCRIPTION 

T/C AI 0022 

TF 5522 

Primary Prime Outlet, Rad. Panel #1 


23 

■ 

II II If If II II 


2 k 

2 k • 

Primary Prime Inlet, Rad. Panel #1 


25 

25 

It II It It II If 


26 

26 

Primary Main Inlet, Rad^ Panel |fl 


27 

27 

It II II It II M 

* 

28 

1 

E^imary Control Temp Out Mix Chamber 

* 

29 

29 

It II It It II It 

* 

30 

• 30^ ■ 

Secondary Control Temp. Out Mix 
Chamber 


31 - 

31* 

Secondary Control Tempi Out Mix 
Chamber 

T/CA10032 

32 

secondary Prime Flovmeter Outlet , 


33 

33 

n II ft . If ' 


■34 

: 3 ^' ■ . 

secondary Main Flpjnteter • 0 u-j;let . • 


ACCURACY 

. 0 , ± of 


36 36 llecondary Main Outlet, Rad. Panel #2 " 

” ** ** ** ** ** 

38 38 Secondary Prime Outlet, Rad. PaneljjfJ ’ " 

” »» * I ft 

^0 40 Secondary Prime Inlet, Rad. Panelfj <2 . " 

* • II M If If . II ft I! 

^2 k 2 ■ Secondary Main Inlet, Rad. Panel #2 

i ^3 43 " " " " . " " " 

*FREON FLOW BENCH MEASUREMENTS USED FOR THE FLASH EVAPORATOR TEST. ALL OTHER MEASURE 4 BJTS 
ON THIS PAGE ARE USED FOR THE FLOWING RADIATOR TEST IN CHAMBER A* 



OHRS CHAMBER A TEST 
UrSTRUMEBTATIOS 


GROUP raSCRIPTIOM F-21 Flow Rates 


MEASUREMENT NO. 

DESCRIPTION 

RANGE 

ACCURACY. 

LTV 

NASA 

fmoo4o 

FM5640 

Total Flow to Primary Leg 

50 to 1400 pph 

+ 1% of 





range 

fmoo4i 

F^c64l 

low Flow to Primary Flow Control 

0 to 70 pph 





Valve 




FM0042 

FM5642 

Intermediate Flow to Primary Flow 

25 to 600 pph 





Control Valve _ 




FM0043* 

FM5643^^ 

High Flow to Primary Flow Control 

100 to 3500 pp) 





Valve 




FM0044 


Low Plow to Primary Radiator Panels 

0 to 200 pph 



FM0045 

FM5645 

High Flow to Primary Radiator Panel 

100 to 2000 ppl 

i 


FM0046 

FM5646 

Total Flow to Secondary Leg 

5 to l400 pph 



FM0047 

FM5647 

Low Flow to Secondary Plow Control 

0 to 70 pph 





Valve 




FM0048 

FM5648 

Intermediate Plow to Secondary Flow 

25 to 600 pph 

* 



Control Valve . 



FM0049* 

FM5649^’ 

High Flow to Secondary Flow Contro]j 

100 to 3500 ppl 

i 




Valve I 




FMOO 5 O 

FM5650 

Low Flow to Secondary Radiator 

0 to 200 pph 





Panels 




FMOO 5 I 

FM 5651 

High Flow to Secondary Radiator 

100 to 2000 ppl 

i 




Panels 




FMOO 52 

FM 5652 

Primary Main Low Flow 

0 to 50 pph 



FMOO 53 

FM 5653 

Primary Main Intermediate Flow 

0 to 200 pph 



FMOO 54 

FM 5654 

Primary Maih High Flow 

100 to 2000 ppl 

1 


FMOO 55 

FM 5655 

Primary Prime Flow 

0 to 70 pph 



FMOO 56 

FM 5656 

Secondary Prime Plow 

0 to 70 pph 



FMOO 57 

FM 5657 

Secondary Main High Flow 

100 to 2000 ppl 

\ 


FMOO 58 

FM 5658 

Secondary Main Intermediate Flow 

0 to 200 pph 



FMOO 59 

FM5r-59 

Secondary Main Low Flow 

0 to 50 pph 



fmoo6o^ 

FM5660’*’ 

Total Flow 

100 to 3500 ppl 

1 1 

( ' 



(0-5 volt signals on all flow 





meters.) 




*FREON FLOW BENCH MEASUREMENTS USED FOR THE FLASH EVAPORATOR TEST, 
ON THIS PAGE Alffi USED FOR THE FLOWING RADIATOR TEST IN CHAMBER A, 


ALL OTHER MEASUREMENTS 
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OHRS CHAMBER A TEST 
INSTRUMENTATION 


GROUP DESCRIPTION Evaporator Segment Temperatures 


MEASURiMENT NO. 


TF5001 

TF5002 

TF5OO3 

TF5OOU 

IW5005 

IW 5 OO 6 

TF5007 

TF 5 OO 8 

TF 5 OO 9 

TF5010 

lW 50 il 

W5012 

TD 5 OI 3 

TD5014 

TD 5 OI 5 

TD5Q16 

TD 5 OI 7 

TD5018 

TD 5 OI 9 

TD5020 

TD5021 

TD 5 O 22 

TD5023 

TD502U 

TD5025 

TD^026 

, TD 9027 

TD5028 
TD5029 
TD 503 O 
TD 503 I 
TD 5032 
'TD5033 
TD 5034 
TD 5035 
105036 
;tD5037 
, TD5‘033 
TP50b 


DESCRIfTION 


F-21 Inlet 
F-21 Inlet 
F-21 Outlet 
F-21 Outlet 
Water Inlet 
Water Inlet 
F-21 Inlet 
F-21 Inlet 
F-21 Outlet 
F-21 Outlet 
Water Inlet 
Water Inlet 
Fvaporator 


to Evaporator #1 
to Evaporator #1 
from Evaporator ijH 
from Evaporator #1 
to Evaporator # 1 
to Evaporator # 1 
to Evaporatoi # 2 
to Evaporator # 2 
from Evaporator #2 
from Evaporator ^ 
tc Evaporator #2 
to Evaporator #2 
Top- Off Duct 


Evaporator Re-entry Duct 


_ R^E ACCURACY 

0 ^ to 200‘^F t of 
1 range 


-100*^ ZQ 250*F 


lEvaporator Exhaust Re-entry Duct 


s 


OHRS CHAMBER A TEST 
INSTRUMENTATION 


®OUP DESCRIPTION Evaporator Segment Pressur es 


MEASURDtEMT NO. 






LTV 

NASA 

DESCRIPTION 

RANGE 

ACCUKAC' 

PFOOOl 

PN505I 

Water Tank GN2 Pressure 

0 to 150 lbs 

_+ 0 . 

1 ' 




(0 to 

1.5 V.) 



PF 0002 

PF5O52 

F -21 Differencial Pressure, Evap#l 

0 to 10 psid 






(0 to 

1 volt) 

+ 0.5 

PF 0003 • 

PF 5053 

F -21 Differential Pressure, Evap ^2 

0 to 10 psid 

+ 0.5 

PFOOOU 

PW 505 i+ 

Water Supply Pressure to Evap #1 

0 to 50 psia 

+ 0.5 

PF 0005 

PW5O55 

Water Supply Pressure to Evap #2 

0 to 50 psia 

+ 0.5 

PF 0006 

PE5056 

Evap #1 Chamber Pressure 

0.1 to 10 torr 

1+ lit of 

PF 0007 

PE5057 

Evap #2 Chamber Pressure 

0.1 to 10 ton 

rar^ 

|ge 

PFOOOS 

PD5058 

Exhaust Duct Pressure (Ap l) 

.01 to 1 torr 



PF 0009 

PD 5059 

Exhaust Duct Pressure (Ap 3) 

• .01 to 1 torr 



PFOOlO 

PD506O 

Exhaust Duct Pressure (Ap 4 ) 

.01 to i torr 



PFOOll 

PD5061 

Exhaust Duct Pressure ( IP 26 ) 




PF 0012 


Exhaust Duct Pressure ( P 28)’ 




PFOOI3 

PD5063 

Exhaust Duct Pressure ( P 27 ) 

0.1 to 10 ton 



PFOOlU 

PD 5064 

Exhaust Duct Pressure ( P 24 ) 

.001 to .1 toi 

r 


PFOOi 5 

PD5065 

Exhaust Duct Pressure (Ap 2) 

.01 to 1 torr 



PFOOI6 

PD5066 

Exhaust Duct Pressure (Ap 5) 





PFOOI7 

PD5067 

Exhaust Duct Pressure (Ap 7) • 





PFOOI8 

PD5068 

Exhaust Duct Pressure ,(Ap 8) 





PFOOI9 

PD5069 

Exhaust Duct Pressure (Ap 9) 





PF 0020 

PD 5070 

Exhaust Duct Pressure (A? 6 ) 





PF 0021 

PD5O7I 

Exhaust Duct Ihressure ( 21 ) 


to . 1 tO] 

r \ 



GROUP DESCRIPTION Water Flow Rates 


MEASUREMENT NO. 




LTJ 

NASA 

DESCRIPTTON 

RANGE 

ACCURACY 

FWOOOl 

FW508I 

Total Water Flow ^ate to Evaporator 

0 to 120 pph 

+ 1.2 

FW 0002 

FW5082 

Water Flow Rate to Flash Evaporator 

0 to 100 pph 

+ 1.0 

FWOOO3 

PW5O83 

i Water Flow Rate to Flash Evaporator 

0 to 100 pph 

+ 1.0 

• 

• 

i 

1 A-6 




REPRODUCIEILITY OF THF 
ORIGINAL PAGE 13 POOR 
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OHRS CHAMBER A TEST 
INSTRUMENTATION 

OtOUP DESCRIPTIO N Heater Power 


MEASUREMENT NO. 




LTV 

NASA 

DESCRIPTIOJ 

RANca: 

AOCURACy 

1 

HI5I7O 

HI517I 

HI5172 

HI5I73 

HI517U 

HI5I75 

HI5176 

HI5177 

HI5I78 

Tbp-Off Duct Heater Current 1 
Top- Off Duct Heater Current 2 
Top- Off Duct Heater Current 3 
Top- Off Duct Heater Current U 
Reentry Duct Heater Current 1 
Reentry Duct Heater Current 2 
S. S. Nozzle Heater Current 1 
S. S-. Nozzle Heater Current 2 
Reentry Duct Heater Current 5 j 

2 amps 
2 amp5 

5 

6 an^s 
5 amps 
4 amps 

1 amps , 

1 amps 
<4 aape 

+ 3$ of range 
V 


GROUP DESCRIPTION Water TanR Weight 


MEASUREMENT NO. 




LTV 

NASA 

DESCRIPTIOJ 

RANGE 

ACCURACf 

WFOOOl 

WT5091 

Water Tank Weight 

0 to 150 lb. 

+ 1.5 lbs. 



(0 to 1.5 v) 



GROUP DESCRIPTION Signal Events 


MEASlTtEMENT NO. 




LTV 

NASA 

DESCRIPTION 

RANGE 

ACCURACY 


EV516I 

Controller Valve Signal Event, 

28 vdc 




Evaporator #1 




2V5162 

Controller Valve Signal Event, 

28 vdc 




Evaporator #2 




NOTE: CONTE 

OLDER VALVE SIGNAL EVENT MEASITJEMENT 

J 



FOR / 

CE CALCULATIONS ARE YES = 1 AND NO = 

0. 




A-7. i 

. 




I 
















APPENDIX B 


ACE DATA CALCULATIONS 
FOR 

FLASH EVAPORATOR SYSTEM TEST 


B-1 



FLASH E\APORATOR ACE CALCULATION REQUIREJCSTS 


MBASURI34EITI 

NO. 

DESCRIPTION 

' 1 

EQUATION 1 

MEASURPME31TS 

USED 

ZQ 5201 

Instantaneous Heat 
Rejection, Evap. 1 

= Mp_^j^Cp(Tln-Tout) 

(BTU/hr) . I 

Cp^<XW-(.t3ni0^r) 

fs (^ih * ^ ^ 

Mp. JW56U5 

Tin • i’FVio.^* * 

TF5iH)l(b) 

Tout * TF500U* 
TF5003(b) 

ZQ 5202 

Instantaneous Heat 
Rejection, Evap. 2 

Cp = 0. ) 

Tin = TF5008* 
TF5007(b) 
Tout » TF5010 * 
TF5009(b) 

ZQ 5203 

Instantaneous Heat 
Rejection, Total 

q = Ql + Q 2 

j 

= ZQ5201 
Qg = ZQ5202 

ZQ 5211 

Total Heat Rejection 
Evap. 1 

(BTO) • 

= ZQ5201 
At =(Note l) 

ZQ 5212- 

I 

Total- Heat 'Rejection 
Evap.' 2 

52 At- 
(BTU) 

q^ = ZQ5202 ' . 

At =(Note i) • 

ZQ 5213 

Total He6t Rejection 

QT = QT3^ -+ . ^2 . 

QT^-= ZQ5211 
tITg = ZQ52i2 

zw: 5221 

Water Evap, *1 

^1 * ^ At 

(lbs) • 1 

■ ^ = FW5082 
0 

.;.t =(Note l) 

zw 5222 

Water Flow, Evap. 2 

r • 

■ 

(lbs) 

= FW 5083 

At *(Note 1 ) 

zw 5223 1 

j 

Total Water Flow 

Hp = (lbs) 

1-2 

B-2 

hL = ZW 522 I 

h 

tL, = ZW 5222 
^2 


































I 


I. 


REPRODUCIBILITY OP THE 
ORIGINAL PAGE IS POOR 


MEASUREMENT 

NO. 

DESCRIPTION 

EQUATION 

MEASURQflEars 

USED 

1 

zw 522U 

Water Tank Differential 
Weight 

= Wt - Wt (lbs) 
0 

w. - (WT5oqi ) 
0 t-0 

W. • WT509I 

x» 

ZE 5231 

Signal Event Total 
Evap 1 

t 

s„ S At 

^ (hrs) 

S •= EV^l6l . 
At =(Note 1) 

ZE 5232 

Signal' Event Total 
Evap 2 

t 

s = .2 s At 

2 t=0 (hrs) 

S = EV5162 

At 1) 

ZE 523^ ■ 

Total Test Time 

t 

t_ = 2 At fhrs) 
t=0 


ZQ b24l 

Average ’ Heat 

Load (A)., Evap. 1 . • 

■ 

QTi 

q_ = (BTU/hr) 

: 

= ZQ5211 

1 

ty = ZE5234 

ZQ 52ii2 

Average Heat 
Load (A), Lvap. 2 

q„ = QTp (Btu/hr).' . 

^T . 

Q,^ = ZQ5212 

ig 

t^ = ZE5234 

ZQ 5243 

Average Heat 
Load (a), Total 

q = QI- (BTU/hr) 

• . 1 

QT ^ ZQ52I5 
t^= ZE5254 

ZQ 5251 

Average Heat 
Load (B), Evap. 1 

qrp 

^ Snaxl 
(BTU/hr) 

s = ZE5231 ■ 

^1 

* ZE5234 

Q maxj^.^ ( ) ■ 

ZQ 5252 

Average Heat 
Load (B), Evap. 2 

Snax2 

T (BTU/hr) 
E>3 

s = ZE5232 
2 • 

t^ = ZE5234 

■ < ) 


V 



















DESCRIPTION 


Average Heat Load 
(B), Total 


Average. Water 
Useige (a), Evap. 1 


Average Water 
Usage (A), Evap. 2 


Average Water 
Usage (a), Total 


Average Water 
Usage (b) 


ZH 5271 [Average Enthalpy 

Change (A), Evap. 1 


ZH 5272 [Average Enthalpy 

Change (*A), Evap. 2 


ZH 5273 [Average Enthalpy 
Change (A), Total 


Averse Enthalpy 
Change (b) 


ftlATIOW 


USED 


\ * % 


(BTU/hr) 


q. = ZQ5251 
1 

q- - ZQ5252 
°2 



Hj, = ZW5221 


MPg (Ihs/hr) 


MT (Ibs/hr) 
t„ 


WT (Ibs/hr) 
t„ 


= qa^^ (BTU/lb) 


‘ M = ZF 526 I 


= q„ • ■ (BlU/lb) 


QT ■ (BTU/lb) 

MT 


h . = ZH5272 
^2 




























MEASUREMENT 

NO. 

DESCRIPTION 

EQUATION 

MEASURSSfEltTS 

USED 

ZT 5311 

( 

Maximum F-21 Outlet 
Temp. , Evap. 1 

(Compare all F-21 Outlet 
Temperatures ) 

TF5003(b) 

TF5004* 

ZT 5312 

Maximum F-21 Outlet 
Temp. , Evap. 2 

(Compare all P-21 Outlet 
Temperatures ) 

i . 

TF5009(b) 

TF5010* 

ZT 5301 

Minimum F-21 Outlet 
Temp.) Evap. 1 

(Compare all F-21 Outlet 
Temperatures) 

• TF5003(b) 
TF5004* 

ZT 5302 

Minimum F-21 Outlet 
Temp., Evap. 2 

(Compare all F-21 Outlet 
TenQjeratures) 

TF5009(b) 

TF5010* 

ZD 5321 

Top- Off Duct 
Heater Power 1 

(v.«s, 

I=HI5170 

T=ZD5351 

ZD 5322 

Top- Off Duct 
Heater Power 2 

i2(T+5455) 

ii4:r ’ 

1 

I=HI5171 
T=ZD5352 • 

ZD 5323 

Top- Off Duct 
Hea.ter Power 3 

- lg(T.4gl,7) ■■ 

T3 32.^3 V • 

• • * 

I=HI5172 . 
T=ZD5355 . . 

ZD 5324 

Top- Off Duct 
Heater Power 4 

P-i!i2i222^ (vatts) 

*T4 -75.79 

I=HI5173 
... T=ZD5354 

■ ZD -5331 

Re-entry iJuct . ‘ • 
Heater Power 1 . 

\\ (watts)- 

• * ♦ • $ ^ 

I=HI5174 

t=ZD5355 

ZD 5332 

Re-entry Duct 
Seater Power 2 

p . i2(T+420.2), , . 

R.-2, ^35 1 watts) 

I=HI5175 

T=ZD5556 

ZN 5341 

S. S. -Nozzle Heater 
Power 1 - 

P^l’277 I? (watts) • 

I=HI5176 

ZN 5342 

3. S. Nozzle Heater 
Power 2 

P^£ 277 I® (watts) - 

. I=HI5177 

NOTE 1; 

* Primary n 
(b), can 

is the standard sampling 
easurements to be used i 

be used by C- start in tl 

rate for all the ACE calculati 
a the calculations. Backup me£ 

“ event of a primary measuremer 
B-5 

one 

surements denoted by 
t failure. 



measurement 

NOa 



MEASURSMEITTS 

USED 

ZD 5351 

Avg. Temp, Top- Off 
Duct Heater 1 

T = T^ + Tg + T^ 
3 

T^ = TD5039 
t; » TD5038 

= TD 5014 

ZD 5352 

Avg. Temp, Top- Off 
Duct Heater 2 

T = + '^ 2 + TT 

3 ^—^ 

T = TD5OI3 
t; = TD5037 
T^ = TD5015 

ZD 5353 

Avg. Temp, Top- Off 
Duct Heater 3 

T * T^ + T + T_ 

f 

T = TD 5016 ■ 

t; = TD5021 

T^ = TD5022 

ZD 5354 

Avg. Temp, Top- Off 
Duct Heater 4 

T = + Tg + T^ 

3 

r, 3 TD5019 
Ip - TD5017 
« TD5016 

ZD 5355 

Avg. Temp, Reentry 
Duct Heater 1 

T = T^ + Tg + T^ + Tj^ 

4 

r ' = TD5027 Tj^ = TD 503 f' 

Tp = TD5028 - 

= TD5029 

ZD 5356 

Avg. Temp, Reentry 
Duct Heater 2 

r = T + T + T 
^1 ^2 -^3 

5 

\ = TD5031 
^ = TD5052 
= TD5056 

ZD 5357 

Avg. Temp, Nozzle 
Heater 1 

T = T^ + Tg 

z 

p, = TD5023 

Pg = TD 5024 

ZD 5358 

Avg. Temp, Nozzle 
Heater 2 

r = Tj^ + Tg 

Z 

P = TD5025 
Pg = TD5026 

ZD 5359 

Avg. Temp, Reentry 
Duct Heater 5 

T = Ti+ T2 + T3 

3 

11= ZD5033 
Tg= ZD5034 
T3 =ZD 5 b 35 

ZD 5533 

Reentry Duct 
Heater Power 3 

P„ = I^(T+ 345 . 3 ) fwatto) 

K 3 17:54 

I = HI517'' 
T = ZD 5359 

- 

i 

B-6 





















I 

1 
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APPENDIX C 


SCOOP TEST DATA 
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